Introduction
The perovskite family (oxides of ABO 3 composition, A = alkali, alkaline-earth or rare-earth metal in general, B = transition metal or group III elements) includes metal oxides of current interest to materials chemistry. A wide variety of substitutions at both A and B sites is responsible for the great flexibility of the perovskite structure giving rise to a very large number of derivatives with subtle variations in structure. Members of ABO 3 oxides have numerous properties that find technological applications, such as nonlinear optical properties, ferroelectricity, piezoelectricity, high critical temperature (T c ) superconductivity, colossal magneto-resistance, giant dielectric constant and ionic conductivity [1] [2] [3] . In most cases, a complex mixed oxide framework is present, thus fabrication of these systems, in form of thin films, is not very easy and requires well optimized reproducible synthetic routes. The success of potentially useful synthetic approaches, ranging from vapour to liquid phase routes, mostly depends on the properties of molecular precursors since their nature and architectures drive the quality of materials.
In this context, metal-organic chemical vapour deposition (MOCVD) has proved a great technique due to the use of simplified apparatus, lower deposition temperatures, the capability to coat complex shapes, the possibility to produce chemically complex systems and the adaptability to large scale processing [4] . This paper reviews a facile MOCVD approach to the growth of perovkite based materials. In particular, the growth of a variety of complex oxide systems will be discussed such as the high Tc superconductor La 2-x Ba x CuO 4+δ (LBCO) [5] , the giant k CaCu 3 Ti 4 O 12 (CCTO) [6] material and the 3 To whom any correspondence should be addressed. YAlO 3 (YAP) films, that may find applications as host matrices for luminescent ions. All these processes rely upon a novel approach based on the use of a molten multi-component source, consisting of a homogeneous mixture of the various precursors in appropriate ratios. In particular, a detailed characterization of the molten mixture in the liquid phase is reported for the case of the La 2-
x Ba x CuO 4+δ system using the La(hfa) 3 •diglyme, Ba(hfa) 2 •tetraglyme, (Hhfa = 1,1,1,5,5,5-hexafluoro-2,4-pentanedione, diglyme = bis(2-methoxyethyl)ether, tetraglyme= 2,5,8,11,14-pentaoxapentadecane) and Cu(tmhd) 2 (Htmhd = 2,2,6,6-tetramethyl-3,5-heptandione) precursors. Emphasis will be made on the extremely simple approach in relation to the structure-property relationships.
Experimental
The LBCO films were deposited on LaAlO 3 (100) substrates from a multi-element source consisting of the La(hfa) 3 •diglyme and Ba(hfa) 2 •tetraglyme adducts, synthesized as reported previously [7, 8] and the Cu(tmhd) 2 precursor. CCTO films were deposited on Pt/TiO 2 /SiO 2 /Si(001) stack using a multi-element source consisting of a 1:1:3 mixture of Ca(hfa) 2 •tetraglyme [8] , Cu(tmhd) 2 and Ti(tmhd) 2 (O-iPr) 2 , precursors.
YAP films were deposited on SrTiO 3 (100) substrates from the Y(hfa) 3 •diglyme [9] and Al(acac) 3 complexes. The Cu, Ti and Al complexes were purchased from STREM.
The depositions of the films were carried out in a low-pressure, hot-wall MOCVD reactor using Ar and oxygen as carrier and reaction gas, respectively. Further details on the deposition processes may be found elsewhere (LBCO [10] , CCTO [11, 12] , YAP [13] ) The thin films were identified by X-ray diffraction (XRD). θ-2θ XRD patterns as well as ω-scan rocking curves were recorded on a Bruker-AXS D5005 θ-θ diffractometer, while a four circles Bruker-AXS D5005 θ-2θ X-ray diffractometer was used to study the epitaxial relationship between films and substrates, both operating with a Cu K α radiation at 40 kV and 30 mA. Film surface morphologies were examined using a Leo SUPRA 55 VP Field Emission Scanning Electron Microscope.
Results and discussion

A case study of high Tc superconductors: the in situ synthesis of La 2-x Ba x CuO 4-δ thin film
The La 2-x Ba x CuO 4+δ (LBCO) phase was the first high temperature superconducting materials discovered in 1986 [5] . The parent compound La 2 CuO 4+δ is an antiferromagnetic insulator (δ=0), while superconductivity can be induced by partial modification of the formal copper oxidation state from +2 to +3 upon substitution of a divalent cation, such as Sr 2+ or Ba 2+ , for the trivalent La 3+ . La 2-x Ba x CuO 4+δ films have been grown on 10x10mm 2 LaAlO 3 (100) and MgO (100) substrates through an in-situ MOCVD process from a suited multi-component source consisting of the La(hfa) 3 •diglyme, Ba(hfa) 2 •tetraglyme and Cu(tmhd) 2 (figure 1) precursors in a 1.8:1.0:0.1 ratio [10] . Figure 1 . Schemes of the La(hfa) 3 •diglyme, Ba(hfa) 2 •tetraglyme and Cu(tmhd) 2 precursors.
The differential scanning calorimetry (DSC) curves (figure 2) of individual precursors and of the multi-element mixture show some interesting features. Single precursor curves show sharp 3 •diglyme, Ba(hfa) 2 •tetraglyme, and Cu(tmhd) 2 , respectively, while the broad endothermic peaks at 250-280°, 260-290°, 210-260 °C are associated with vaporizations of the individual precursors. The multi-component source curve shows a lower temperature peak (73°C) associated with melting of the La(hfa) 3 •diglyme component. The small intensity feature around 120°C represents dissolution of the other two components in the molten La precursor, while the small higher temperature feature (270-290°C) is possibly associated with an exothermic process overlapping the evaporation process. Optical polarized light microscopy observations upon heating fully agree with these conclusions, since the melting of the La source is observed around 73°C, while dissolution of the other two precursors is evident in the 110-130°C range. Surface morphology of LBCO samples deposited on LaAlO 3 substrates consists of a fine-grained structure with grains of about 400 nm. The surface roughness of films has been investigated using 2 •tetraglyme, Cu(tmhd) 2 and Ti(tmhd) 2 (O-iPr) 2 , [O-iPr = iso-propoxide] precursors [11] . Pt electrodes have been evaluated in order to study the deposition process and conditions on technologically important substrates. The deposition temperature has been chosen on the basis of the thermal stability of the Pt/TiO 2 /SiO 2 /Si(001) stack. The present approach takes advantage of a simple multi-metal source, consisting of a homogeneous molten mixture of single precursors in an optimized ratio [11, 12] . The capability of the "second-generation" Ca(hfa) 2 •tetraglyme precursor to act as a solvent for the other Cu(tmhd) 2 , and Ti(tmhd) 2 (O-iPr) 2 ) precursors has been already exploited and demonstrated. The present molten mixture has been demonstrated to be a good precursor source for the deposition of CCTO thin films since it can be easily and cleanly evaporated from melt thus providing constant mass transport rates. (110) substrates at temperatures ranging from 900 to 1050°C. In particular, the Y(hfa) 3 •diglyme and Al(acac) 3 precursors are mixed in a stoichiometric 1:1 atomic ratio thus yielding a molten source of Y and Al. The in-situ grown YAP films have smooth and homogenous surfaces with 100-150 nm square-shaped grains.
The film structure and its crystallinity have been characterized by XRD. A typical XRD θ-2θ scan of a film deposited at 1050°C (figure 5a) shows only two reflection peaks at 24.00° and 49.15° in addition to the SrTiO 3 100 and 200 reflections at 22.75° and 46.55°. SrTiO 3 is indexed in the cubic system with lattice parameter a s = 3.9050 Ǻ, while the YAlO 3 has an orthorhombic structure with cell parameters a= 5.3286 Ǻ, b = 7.3706 Ǻ, c= 5.1796 Ǻ. The presence of only two peaks, the second of which represents the second order reflection points to the formation of an oriented film. Nevertheless, due to the close proximity of the 101 and 020 reflections lying at 23.96° and 24.13°, respectively, the growth direction can not be safely attributed from the XRD pattern.
To this aim, a non-invasive soft approach has been used and the direction growth has been identified using pole figure analyses (figure 5b). In fact, the 111 pole figure [14] . In fact, also in that case both direction growths were observed, even though a different substrate, namely LaAlO 3 (100) had been used. Pole figure studies may also give information on the in-plane alignment and on the number of different domains in the plane. In fact, further studies assessed the presence of at least two in plane variants of [010] domains and four in plane variants of [101] domains [13] . Similar information may only be obtained by carrying out two different TEM measurements such as plan views and cross sections. Note in this context that the production of high quality samples suitable for TEM crosssections and plan views is a difficult and time-consuming task.
The luminescent properties of 2 mol% Er 3+ :YAlO 3 films have been studied through cathodoluminescence. Details of this study is reported in ref. [15] . 
Conclusions
The present study highlights the most important issues regarding MOCVD processes of perovskite based materials. The reported approach, which takes advantage of the use of a molten multi-element source, may be considered a general route to the synthesis of complex multi-element oxides. The molten multi-metal mixture represents an interesting and convenient alternative to the adoption of different sources for each component since, of course, this would require the control of different parameters (gas flows and sublimation temperatures) for each source. The structural, compositional and morphological characterization have shown that the films are crystalline, homogeneous and pure. Therefore, MOCVD is a viable in-situ film deposition technique for the growth of complex oxide systems.
